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(54) Rim scanner 

(57) A film scanner capat)le of reading an image 
formed on a film In accordance with a photographing 
mode recorded in each frame of the film. In this film 
scanner, an image formed in each frame of a film held 
by a film hoMer Is projected onto a linear image sensor 
by a focusing optical system to read the image with the 
linear image sensor. A magnetic information detection 
unit detects magnetic information recorded in each 
frame of the fflm. and a system controller identifies a 
photographing mode of each frame of the film. In 



accordance with the identified photographing nrxxle, an 
image read area of each frame is set and a sii>scanning 
nxjtor is driven in accordance with this image read area. 
The sut)scanning nrx>tor is driven in the area outside of 
the image read area at faster speed than the image 
read area. Therefore, a read time can be shortened as 
compared to the case wherein all frames are read in the 
broadest image read area. Trimming works can be omit- 
ted. 
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Description 

BACKGROUND OF THE INVENTION 
5 Reld of the Invention 

The present invention relates to a film scanner capable of reading an image on an advanced photo system (APS) 
film having a new film format, or images on other types of films. 

70 Related Background Art 

Conventional film scanners for inputting film images to a personal computer have been developed mainly for 35 mm 
films (also called "135 film"). In reading an image with a scanner, a film scanner is first operated at low resolution arxJ 
at high speed and the whole image is once displayed (previewed) on a personal computer. Thereafter, a read area in 
15 the preview is designated, and the image in this read area Is newly read by the film scanner to be sent to the personal 

computet,^,.,..... ;:,,..,.i.,,r.-.-o:^>r-.j.^.>.. ■ ^ .r.-L': --vO , .:m:^ 

A conventional film scanner will be described with reference to Rg. 28 showing the structure thereof. 
Reference numeral 2801 represents a light source. Referer^ce numeral 2802 represents a film holder for holding a 
film or transparent original, the film holder being movable in the Ydirection as indicated in Rg. 28. Reference numeral 
20 2803 represents a focussing lens system, and r^erence numeral 2804 represents a CCD linear image sensor (also 
called a CCD linear sensor and called hereinafter a linear image sensor). The longitucfinal direction of the linear image 
sensor 2804 is disposed along the X-<jirection as indicated in Rg. 28. With the above position relation, the main scan 
direction along the longitudinal cfirection of the linear image sensor 2804 is perpendicular to the sub scan direction 
along the nrxjtion cGrection of the film folder 2802. A color image may be read In various ways with the following relations 
25 t>etween the light source 2801 and linear image sensor 2804. 





Light source 


CCD 


Read 


a) 


White color 


3 lines 


Simultaneous RGB 


b) 


Three colors (RGB emission) 


1 line 


RGB Tlmedivision 


c) 


White color (RGB filters) 


1 line 


RGB Tim&<iivision 



35 Each of these methods has nf>erits and demerits and is tried to be properly selected. In the following, the above 
combination a) will be desait>ed. 

Reference numeral 2805 represents an analog image processing circuit which executes gain settir^ arxJ clamping 
of an analog image signal output from the linear image sensor 2804. Reference numeral 2806 represents an A/D con- 
verter for converting an analog signal into a digital signal. Reference numeral 2807 represents an Image processing unit 

40 composed of gate arrays which can execute at high speed various processes including image processing arxl CCD 
drive pulse processing. Reference numeral 2808 represents a line buffer for temporarily storing image data. Refer^ice 
numeral 2809 represents an interface unit used for contnrujnications with external equipments 281 0 such as a personal 
computer. Reference numeral 281 1 represents a system controller in which the wfK>le sequence of the film scanner is 
stored, the system controller executing various operations in accordance with instructions from the external equipment 

45 281 0. Reference numeral 281 2 represents a CPU bus for the interconnection among the system controller 281 1 , image 
processing unit 2807. line txiffer 2808 and interface unit 2809. the CPU bus k>eing composed of an address bus and a 
data bus. 

^ Rioference humeral 281 3 represents a sut>scanning motor for moving the film holder 2802 in the sub scan direction. 
this nxTtor being a stepping motor in this example. Reference numeral 2814 represents a sut)scanning motor driver for 
50 driving the subscanning motor 2813 in response to an instruction from the system controller 281 1 . Reference numeral 
281 5 represents a subscanning position detection unit for detecting a reference position of the sub scan, this unit being 
a photo interrupter wfiich detects a projection formed on the film folder 2802. Reference numeral 281 6 represents a light 
source turn-on circuit for turning on the light source 2801 . 

The conventional film scanner has been constructed as above. Image data is input to the external equipment 2810 
55 such as a personal computer through communications between software (hereinafter called firmware) embedded in the 
system controller 281 1 and software (hereinafter called driver software) for operating the f Dm scanner from the external 
equipment 2810 such as a personal computer. 

This image data transfer process will be briefly described with reference to the flow chart shown in Rg. 29. It is 
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asstfned now that the file scanner and the external equipme , 
the running state of firmware and driver software, a user has inserted a film into a predetermined location. 

At Step S2901 . the user enters a preview instruction from the external equipment 2810. Then, the external equip- 
ment 2810 transmits, to the firmware side, designated information including a film type, a read area (all screen in this 
5 case) arxi a read resolution (low resolution in this case). 

At Step S2902, the firmware sets the designated information including the film type, read area and read resolution 
for the preparation of succeeding operations. 

At Step S2903, the system controller 281 1 reads information on the subscanning position detection unit 2815, and 
controls the sufciscanning vntitor 2813 to move the film to an initial position. 
10 At Step S2904, the system controller 281 1 issues a light source turn-on instruction to the light source turn-on circuit 
281 6 to turn the light source 2801 on. 

At Step S2905, the system controller 281 1 issues an instruction for outputting timing pulses (such as CCD drive 
pulse and RAM address control pulse) in order to read one line data. 

At Step S2906, Image data of each line is read during a predetermined exposure time and the sut>scanning motor 
75 2813 is driven at a predetermined speed. Thereafter, the image processing unit 2807 performs image processing to 

output image data to, the,extemal equipment's J 0. , , , . . ^ ■jT.t*-- - --i-i 

If the image read area has been fully scanned at Step S2907. the system controller 281 1 drives the sut>scanning 
motor 2813 to restore the initial position. The light source 2801 is turned off, and all functions of the film scanner are 
stopped. 

20 At step S2908, the firmware of the system controller 281 1 enters a routine of waiting for the next command. 

At Step S2909, the external equipment 2810 receives the image data and sequentially displays it to show the user 
the whole film image. 

At Step S2910, after viewing the preview image data, the user again sets image fetching oorxiitions to instruct a 
next sut>stantial or main scan. Similar to Step S2901 . information designated by fhe user, including the film type, read 
£5 area (area designated by the user in this case) and read resolution (resolution designated by the user in this case), is 
transmitted to the firmware side. 

At Step S291 1 , the firmware of the system controller 281 1 receives the read conditions, and the operations from 
Step S2902 to Step S2908 are executed under the substantial or main scan conditions. The image data sent to the 
external equipment 2810 at Step S2912 is displayed by using the driver software and can be stored in a storage 
30 medium (such as a hard disk, a magnetooptical disk and a floppy disk). 

With the above conventional techniques, however, three types of photographing nrxxles recorded magnetically on 
an APS film are not considered at all when reading image information of the APS film. Ther^re, the conventional tech- 
niques can deal with only one photographing mode of reading tiie broadest area of a film. Therefore, in a photographing 
nrKxJe of photographing an image in a narrower area of a film frame, a user is required to trim the image read area, or 
35 otfienwise the image data is possibly read from the broadest area. 

SUMMARY OF THE INVENTION 

The invention has t>een made under the atx]ve circumstances and aims at providing a film scanner capable of read- 
40 ing an image in a way suitat^le for a photographing mode recorded on a film such as an APS film. 

In order to achieve the afcxsve object, according to one aspect of the present invention, there is provided a film scan- 
ner for projecting an image to be read onto a linear image sensor, performing electrons main scanning along the lon- 
gitudinal direction of the linear image sensor and electronic sub scan along a cfirection perpendicular to the longitudinal 
direction to read the film image tiirough a relative motion between the fflm im^e and the linear image sensor and 
45 processing the film image, tfie film scanner comprising: frame information detection means for detecting frame informa- 
tion recorded on the film; and control means for controlling to change an image read area of the film in accordance with 
an output of the frame information detection means. 

Accading to andth^aspect of theinvention, the frame infornration is information magnetically recorded on tiie filnrir- — 
Accading to another aspect of the invention, the control means performs the relative motion in an area outside of 
50 the image read area at faster speed than the image read area. 

According to another aspect of the invention, the control means controls to process image signals only in the image 
read area. 

The other objects and features of the present inverrtion will become apparent from the following detailed desaiption 
of preferred errtxxiiments and accompanying drawings. 

55 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block cfiagram showing the structure of a film scanner according to an embodiment of the invention. 
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FIG. 5 
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FIG. 7A 
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FIG. 8 
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FIG. 10A 
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FIG. 14A 
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FIG. 15 
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FIG. 16A 
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FIG. 18 
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FIG. 22 
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FIG. 24 
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FIG. 25 
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FIG. 26 
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Rg. 2 is a block diagram showing the.details of an image processing unit. , . . . 

Rg. 3 is a diagram showing a IIq^ receiving surlace of a linear Image sensa. 

Rg. 4 Is a diagram showing the structure of the linear Image sensor. 

Rg. 5 Is a block diagram showing a black level correction circuit 
5 Rg. 6 Is a diagram showing an A/D converter. 

Rgs. 7A, 7B and 7C are graphs illustrating gamma correction. 

Rg. 8 is a diagram illustrating shading correction. 

Rgs. 9A and 9B are diagrams Illustrating gamma correction. 

Rg& 10A and 10B are diagrams illustrating gamma correction. 
10 Rg. 11 is a diagram illustrating color data reading. 

Rg. 12 is a diagram illustrating inputs to a resolution conversion circuit arxi a magnification conversion circuit 

Rg. 13 is a diagram illustrating re^ution conversion and magnification conversion in a main scan direction. 

Rgs. 14A, 14B and 14C are diagrams Illustrating resolution conversion and magnification conversion in a sub scan 
direction. 

IS Rg. 15 is a diagram illustrating masking correction. 

Rgs. .16A arxi .16B,arediagrarrei^^ a binarization process arxl an AE functioa ^. 

Rgs. 17A arxl 17B are diagrams illustrating negative/)x>srtive Inversion. 

Rg. 18 is a diagram Illustrating a mirror image process. 

Rg. 19 is a diagram Illustrating the operation of a line buffer. 
20 Rgs. 20A arxi 20B are flew charts illustrating a communication pattern used by the fOm scanner arxi an external 
equipment. 

Rg. 21 Is a flew chart illustrating a command execution operation. 

Rg. 22 is a flow chart illustrating an Initializing operation. 

Rg. 23 is a f kiw chart illustrating a preview operation. 
25 Rg. 24 is a flow chart illustrating a focussing operation. 

Rg. 25 is a fkiw chart illustrating a substantial or main scan operation. 

Rg. 26 is a flow chart illustrating an ejecting operation. 

Rg. 27 is a flow chart illustrating a film type setting operation. 

Rg. 28 is a bkx:k diagram showing the structure of a conventional f flm scanner. 
30 Rg. 29 Is a flow chart illustrating the operation of a conventional fOm scanner. 

Rg. 30 is a diagram Illustrating a frame signal. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

35 Embodiments of the invention will t>e described in detaitp by taking a film scanner as an example. 

The film scanner of the embodiment can read both 35 mm films and APS f Oms. The invention is not limited thereto, 
but may be embodied so as to read only APS films or other types erf films recorded with frame data. In this embodiment, 
although a film with magnetically recorded frame data is read, the Invention is not limited thereto, but may be embodied 
so as to read optically recorded frame data. Furthermore, although an image on a film Is projected via a focussing lens 

40 system onto a linear image sensor, the invention is not limited thereto, but may be emtxxiied so as to project an im^e 
on a fOm directly to a linear image sensor of a tight contact type. 

Rg. 1 is a tAock diagram showing the structure of a film scanner according to an embocfiment of the invention. 
Rrst, the structure of the image sensor will be descrtoed. Reference rximeral 101 represents a light source using 
a cold cathode tube, and reference numeral 102 represents a film holder for holding a fflm or transparent original, tiie 

45 film holder being nrxjvable in the Y<iirection as indicated in Rg. 1 . Reference numeral 103 represents a focussing lens 
system (focussing optical system), and reference numeral 104 represents a CCD linear image sensor (also called a lin- 
ear image sensor or a CCD). The longitudinal direction of the linear image sensor 104 is disposed along the Z<lirection 
as indicated in Rg."1r With'lhe'atx>ve position relation, the main scan direction along the tohgitudiriardirection^lhe ' 
linear image sensor 104 is at a right angle to (perperxficular to) the sub scan direction along the nxytion direction of the 

50 film folder 1 02. Reference numeral 1 05 represents a focus fixing member for holding the linear image sensor 1 04 near 
at the focus plane of the focussirig lens system 103 arxi nxsving together with the linear image sensor 104 along the 
optical axis direction or X-direction as viewed on the drawing sheet Reference numeral 106 represents a black level 
confection circuit for adjusting the black level of an analog image signal output from the linear image sensor 104. Ref- 
erence 126 represents an analog image processing circuit, which performs signal amplification and a multiplexing func- 

55 tion. Refererx^e numeral 107 represents an A/D converter for converting an analog signal undergone the analog image 
processing by the analog image processing circuit 126, into a digital signal. Reference numeral 108 represents an 
image processing for executing various processes including Image processing and CCD drive pulse processing, the 
image processing unit being composed of gate arrays and being able to execute various processes at high speed. Ref- 
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erence numeral 109 represents a line buffer for temporarily storing image data, the line buffer being formed of a general 
rarxiom access memory. Reference numeral 110 represents an interface unit used for communications with external 
equipments 114 such as a personal computer. Reference numeral 1 1 1 represents a system controller in which the 
wtiole sequence of the film scanner is stored in a built-in memory, the system controller executing various operations in 

5 accordance with instructions from the external equipment 1 1 4. Reference numeral 1 1 3 represents a CPU bus for the 
interconnection among the system controller 111, image processing unit 108, line buffer 109 and interface unit 1 10, the 
CPU bus being composed of an address bus and a data bus. Reference numeral 115 represents a subscanning motor 
for moving the film holder 102 in the sub scan direction, this motor being a stepping motor in this example. Reference 
numeral 1 1 6 represents a subscanning motor driver for driving the sut>scanning motor 1 1 5 in response to an instruction 

70 from the system controller 111. Reference numeral 117 represents a subscanning position detection unit for detecting 
a reference position of the sub scan, this unit being a photo interrupter which detects a projection formed on the film 
folder 102. Reference numeral 1 18 represents a light source turn-on drcuit for turning on the cold cathode tube 101, 
this circuit being a so-called inverter circuit. Reference numeral 119 represents a magnetic information detectbn unit 
fa detecting magnetic information recorded on the surfece of an APS film, this unit being a magnetic read head. Ref- 

15 erence numeral 120 represents a drive signal for driving the linear image sensor 104. Reference rtumeral 121 repre- 
serils a control drcuit for oqtrpnin^ the analpg impge p^ooe^ing drcuit 126. Reference numeral 122 represents a RAM. 
used as a working area for Image processing.'this RAM b^ng called an offset RAM. As will be later descrbed, this off- 
set RAM temporarily stores image data and other various data regarding shading correction, gamma correction, color 
data synthesizirig, and the like. Reference numeral 123 represents a focus motor for moving the focus fixing member 

20 1 05 along the optical axis direction, reference numeral 1 24 represents a focus nrvjtor driver for supplying a drive signal 
to the focus nxjtor 123, and reference numeral 125 represents a focus position detection unit for detecting an initial posi- 
tion of the focus fixing memt)er 105. 

The d^ls of the image processing unit 108 will be descrbed with reference of the detailed diagram thereof shown 
in Rg. 2. Reference numeral 104 shown in Rg. 2 represents a 3-line linear inmge sensor wttose light receiving surface 

25 is shown in Rg. 3. The 3-line image sensor is made of one-chip photoelectrk;al conversion element in which each row 
(three rows in total) of red, green and tHue read photosensors of several thousands each several microns square is jux- 
taposed and a scanning driver drcuit is built in. Reference numeral 301 represents a green receiving unit, reference 
numeral 302 represents a blue receiving unit and reference numeral 303 represents a red receiving unit these units 
being disposed at a predetermined interval. The structure of each receiving unit is shown in Rg. 4 wtvch contains an 

30 enlarged view of the blue receiving unit 302 by way of example. As light is inddent upon a light reception portion 401 , 
a photodiode 402 generates electric charges proportional to the light amount and current flows along a direction 403. 
Thm current charges a capacitor 404 to accumulate therein electric charges corresporviing to the light amount. Charges 
of all pixels accumulated in the light reception portion 401 are sent at the same time to a transfer portion 407 when all 
the contacts of switches (SW) 406 of a shift portion 405 dose at the same time. The charges sent to the transfer portion 

35 407 are transfen^ed along the main scan direction in response to transfer pulses 408 and 409 having different phases, 
amplified by an anrplrfier 410 and output therefrom. The external signal for controlling the switches 406 and external 
pulse signals 408 and 409 correspond to CCD drive signals 120 shown in Rg. 1 and are output at predetermined tim- 
ings under the conta-ol of the image processing unit 108. 

The amplified output signal of CCD 104 is still unstable with respect to its reference level. Therefore, this amplified 

40 output signal of CCD 1 04 is supplied to the black level correction drcuits 1 06 which stabilizes the black level of an image 
by stressing ttie maximum value of an input signal to the A/D converter 107 to 5 V. Rg. 5 illustrates how the black 
let^el is adjusted. However, it should be noted that in Rg. 5, the analog image processing drcuit is omitted to simplify 
the explanation. A CPU of the system controller 1 1 1 monitors a voltage input to the A/D converter 1 07. If voltage higher 
than 5 V is input to the A/D converter 107, CPU of tfie system controller 1 1 1 generates, in accordance with the A/D con- 

45 verted image data, data for suppressing the image signal to 5 V or lower. This generated data is converted by the D/A 
converter 1 12 into an analog signal which is added to the image signal. Wrtti these operations, ttie voltage input to ttie 
A/D converter 1 07 is lowered to stabilize the black level. 

In the analog imagepibbesdhg circurt126; t)lack-level corrected image signal (analog signal) is amplified byanalbg-^ 
amplifiers provided separtely for R, G arxj B and then time divided by a multiplexing drcuit to be output. The amplif ica- 

50 tion factor of the analog amplifier is transmitted, as the analog image processing drcuit control signal 121, from the sys- 
tem controller 1 1 1 through the CPU bus 1 1 3 and the image processing unit 1 08. wherein ttie control signal 1 21 indudes 
RSHCK, GSHCK and BSHCK signals. The image signal which is time divided in the order of red, green and blue image 
signals, is converted into 10-bit image data (digital data) by the A/D converter 107, as shewn in Rg. 6. A reference volt- 
age T terminal and a reference voltage B terminal of the A/D converter 1 07 are applied with -i- 5 V and a reference vott- 

55 age (in this example, 2.5 V ), respectively. The A/D converter 107 outputs "0" when the input signal is 5 V. and outputs 
"1023" when the input signal is the reference voltage (2.5 V). 

This digital image data is processed by the image processing unit 108. In the image processing unit 108. reference 
numeral 201 represents a digital auto gain control (AGC) drcuit to k}alance respective cok>r image data in the manner 
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, illustrated in Rgs. 7A to 7C. Rrst, the image signal whose black level was stabilized by the black level correction unit . 
1 06 Is further subjected to a digital black level correction. This correction is achieved by subtracting a pixel value corre- 
spondng to an optical black 702 output from CCD, from the total image data 701 . Reference numeral 703 represents 
image data after the digital black level conrection. Image data of each color is multiplied by up to 2 times to balance each 

5 color. Reference numeral 704 represents an inr^ge signal of one color obtained from the Image data 703 whose maxi- 
mum value was set to "1023" through AGC. 

Reference numeral 202 represents a shading correction circuit As shown in Rg. 8, If nothing Is interposed in front 
of the f Dm surface, inr^ge signals for respective pixels output from the linear image sensor 104 do not take unifomn val- 
ues because of the folknving reasons: 

10 

(1) Light amount of a film illumination lamp Is higher at the central area thereof than at the opposite end areas. 

(2) Light transnvssion amount through a lens is higher at the central area thereof than at the peripheral area. 

(3) Sensitivrties of respective light receiving elements of the linear Image sensor 104 are not uniform. 

75 Rom the above reasons, an output Image signal Is supposed to t>e a curve 1 08 such as shewn in Rg. 8 at tiie right 
^ . side portion thereof. Conecting (flattening) this Irregular, level is shading. correction. In this example, before a film Is 
inserted, the red. green and blue light receiving elements read the light intensity distribution on the focus plane along 
the main scan directkxi, and the read results are temporarily stored in tiie offset RAM 122. The system controller 111 
compares the data written in the offset RAM 1 22 with white color target derrsity data, and a difference therebetween Is 
20 written in the offset RAM 122 as shading data. By using this shading data, image data obtained during fDm scanning Is 
corrected. 

Reference numeral 203 represents a gamma correction drcuit which performs Image contrast adjustment and con- 
version of lO-tsIt image data into 84}it image data. Rg. 9B shews examples of gamma correction curves in which the 
at)sdssa represents Input image data value (0 to 1023) and the ordinate represents output data value (0 to 255). Rg. 

26 9A shows a relationship between density arKi image data. Reference numeral 901 represents a gamma curve called a 
through pattern by which Input 1 0-blt data ^ linearly converted into output 8-tMt data. Reference numeral 902 represents 
a gamma conversion curve by which the Image density Is emphasized based on a high contrast pattern. Refererx;e 
numeral 903 represents a gamma conversion curve by which the image density Is suppressed based on a low contrast 
pattem. Such conversk>ns are set by directly designating gamma conversion patterns displayed through software in a 

30 gamma conversion selection window of the external equipment 1 1 4. The set gamma conversion curve data is transmit- 
ted to the system controller 111 and stored in the offset RAM 122. The gamma conversion curve data suitat)le for input 
image data is read from the offset RAM and the Input Image is processed accordingly (refer to Rgs. 10A arxi 108). 

Ref^ence rujmeral 204 represents a color data synthesization drcuit for correcting a line shift of the 3-line linear 
image sensor 104. As shown in Rg. 1 1, In the linear image sensor 104, lines along which red, green and blue colors 

35 are read are disposed In parallel relative to the fDm motion direction (sub scan direction). Therefore, red, green and blue 
image data are not read at the same time, but the data are read at positions shifted by some lines. From this reason, 
after all image data of the same line are stored In the offset RAM 122, one-line color data Is output therefrom. 

Reference numeral 205 represents a resolution conversion/magnif tcation conversion drcuit which is set with con- 
v^on parameters as shown in Rg. 1 1 by the system controller 111. The operations of resolution conversion and mag- 

40 nification conversion in tfie main scan direction are Illustrated in Rg. 13. Reference numeral 1301 represents a CCD 
clock which is one of the drive pulses 120 for CCD 104. Reference numeral 1302 Is a reference dock which has a fre- 
quency twice as high as the CCD operation dock. If Image processing Is performed using this reference dock, an output 
of each pixel is processed as two image data so tfiat an output Image has a magnification factor 200 % of an image 
picked up at tiie optical resdution (namely, this output image is formed in accordance with an Instruction of a unity of 

45 the optical resolution and a magnification factor of 200 %). If the extemal equipment 1 1 4 issues an Instruction of a half 
of the optical resolution and a magnification factor of 1 00 %. the resol ution conversion drcuit thins one-pixel read docks 
by a half, and then the magnif ication conversion drcuit further thins the docks by a half to generate the CCD operation 
clock. The operations of resolution conversioh ahd maghrfication conversion In the sub scan cGrection are illustrated in 
Rgs. 14A to 14C. Reference numeral 1401 represents a sanrpling point in the sub scan direction. If the resolution or 

50 magnification factor Is to be increased, as shown in Rg. 1 48 the film Is moved at low speed to use sample points nix>re 
than an ordinary read shown in Rg. 14 A. Conversely, if the resolution or magnification factor is to be reduced, part of 
the read line read Is not written in RAM although the film is moved at the ordinary speed. 

Reference numeral 206 represents a f Dtering drcuit for preventing the Image quality from being lowered t>y the res- 
olution conversionAmgnification conversion circuit 205. The contents of ttie f Dtering process are summarized in Tat3le 

55 1. 
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In this exaniple; selectively performed In' accordance with ihe tone (gradation) and resolution are main scan inter- 
polation, sub scan interpolation, averaging, smoothing, and edge processing. That is. in the Table 1. "O" denotes that 
so a corresponding processing is performed, and 'X' denotes that the corresponding processing is not performed. The 
contents of these filtering processes are already known so that the description thereof Is omitted. 

Reference numeral 207 represents a masking processing circuit for correcting the transnnission characteristics of 
RGB filters of CCD 104. As indk^ated at 1501 in Rg. 15. a color fitter kleally transmits light having only a specific wave- 
length range and intercepts light having other wavelength ranges. However, in practice, as indicated at 1502, light hav- 
55 ing an unnecessary light wavelength range is also transmitted. In view of this, the following masking correction is 
executed to correct the actual transmission characteristics and nnake them nearly ideal. 
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Gout 
<Bout> 



f^r Gr Br^ 
RgGgBg 
vRbGbBb/ 



cyn 

<B\n) 



where 



Rin, Gin and Bin: Input signals to the niasking processing circuit 

Rout Gout and Bout: output signals from the masking processing circuit, 

10 Rr, Gr and Br: correction coefficients of a f Oter, 

Rg, Gg and Bg: correction coefficients of a f Oter. and 

F%>, Gb and Bb: correction coefficients of a filter. 



Reference nunneral 208 represents a binarizing processing/AE processing circuit In this example, 8-brt multi-val- 
75 ued data is converted into binary image data which represents one bit by black and wtiite. Upon instruction of a bina- 
. , ^ rizing process from the external equipment 11 4, the system controller 11 1 sets parameters to^ sliceJevel register 1601 
shewn in Rg. 1 6B. Representing this parameter data by B and the 8-brt mutti^ued data by A. a comparator 1 602 com- 
pares A with B. If A > B, the comparator outputs "1" whereas if not it outputs **0'' to thus generate binary data (refer to 
Rg. 16A). In this case, an AE function is also effected in order to output binary data with good reproductivity, by auto- 
20 matically changing a slice level if the density of an original changes during the film scanning. Specifically, during the film 
scanning, white and black peak values for each line are picked up to determine an optimum slice level for each line and 
rewrite the contents of the slice level register 1601 . 

Reference numeral 209 represents a negative/jpositive Inversion circuit which, as shewn in Rg. 17A. inverts the 
density level of image data of an input original. TTiis negative/jpositive inversion circuit 209 is constituted of an exclusive 
25 logical sum gate such as shown in Rg. 1 7B. As the system controller 1 1 1 sets an inversion signal "1 data of each pixel 
is inverted. 

Reference numeral 21 0 represents a mirror image processing drcurt which, as shown in Fig. 1 8, rotates image data 
by 180 degrees in the main scan direction (to obtain an image rellected by a mirror). This processing is effected by read- 
ing image data written in the line buffer 109 in the reverse order. 
30 Reference numeral 1 09 represents the line kxiffer for temporarily storing innage data after the image processing. As 
shown in Rg. 1 9, the structure of this line kxiffer 109 has two bkx^ks for reading and writing. While Image data is written 
in one block, image data in the other bfock is read. After image data is written by a predetermined anfK)unt, the write 
, operation is switched to the read operation. 

Reference numeral 1 10 represents the interface circuit which is in this example a SCSI controller. 
35 Next the operation of the film scanner of this embodiment will k>e desaik>ed with reference to the flow cfiarts shown 
in Rgs. 20A and 20B to 27. 

Rgs. 20A and 20B illustrate a basic communications pattern used by the film scanner and the external equipment 

114. 

At Step S2001 the film scanner is powered. 
40 At Step S2002 inrtialization (such as firmware initialization) is performed. 
At Step S2007 the external equipment 1 1 4 is powered. 

At Step S2008 the external equipment 1 14 is initialized. Menrx)ries and SCSI controller are checked. 
Step S2003 is a command wait routine for waiting any command from the external ec^ipment 1 14. If there is no 
command, the flew stands by at this Step S2003, whereas if there is a command, the flew advances to Step S2004. 
45 At Step S2009 a communication start command is transmitted to enable communications with the film scanner. 
At Step S2004 communications with the external equipment 1 14 start. 
At Step S2010 applicatfon software Including the driver software is activated. 

— ^ £201 1 a user enters an operation commarxi requesting the f Dm scanner'to execute some task running on 

the application software. A step command for the application software is also used at this Step S201 1 . If this comnnand 
50 is entered, the communications are intercepted to temrtinate the application software. 

At Step S2012 the driver software generates the operation command arxl transmits it to the fQm scanner. 
At Step S2005 it is checked whether there is a command. If not. the flow stands by at this Step S2005, whereas if 
there is a command ttie flow advances to Step S2006. 

At Step S2006 upon reception of the command, the firmware issues an operation sequence to execute it Informa- 
55 tion of this execution is sent back to the external equipment 1 1 4. 

At Step S2013 upon reception of the operation execution information from the film scanner, information to tiiis effect 
is informed to the user via the applicatfon software. After this process, the flow returns to Step S201 1 . 
The command execution routine t>y the firmware at Step S2006 is illustrated in Rg. 21 . 
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At Step S2101 it is checked whether the commarvi is a pre^ 
advances to Step S2102, whereas if not the flow advances to Step S2103. 
At Step S2102 a sequence for executing the preview command is executed. 

At Step S2103 it is checked whether the commarxi is a focus adjustment commarKl. if it is the focus acQustment 
5 command, the flow advances to Step S2104, whereas if not, the flow advances to Step S2105. 
At Step S21 04 a sequence for executing the focus adjustment command Is executed. 

At Step S2105 it is checked whether the command is a main scan command. If it is the main scan adjustment com- 
mand, the flow advances to Step S21 06. whereas if not the flow advances to Step S2107. 

At Step S2106 a sequence for executing the focus main or sut>stantial scan command is executed. 
10 At Step S21 07 it is checked whether the command is an ejection command. If it is the ejection command, the flow 
advances to Step S2108, whereas if not. the flow advances to Step S2109. 

At Step S2108 a sequence for executing the ejection command is executed. 

At Step S2109 it is checked whether the command is a film type command. If it is the film type command, the flow 
advances to Step S2110, whereas if not the flow advances to Step S2111. 
IS At Step S211 0 a sequence for executing the film type command is executed. 

^.Al.Step.S2l11^it.is.checked whether the command is another command. If it is the,other-command.,,the,ilow ... 

advances to Step S2112, whereas if not the flow advances to Step S2113. 
At Step S2112 a sequence for executing the other command is executed. 
At Step S21 13 a process for an abnormal command is executed. 
20 At step S2 11 4. a command execution end is notified to the external equipment 11 4 to terminate the command exe- 
cution routine. 

Next the atx>ve processes will be sequentially described vnotB in detail. The initialization process at Step S2002 
shown In Rg. 20A is executed in the manner illustrated in Rg. 22. 

At Step S2201 the line buffer 1 09 and offset RAM 122 are checked. 
25 At Step S2202 input/output ports of the system controller 1 1 1 are Initialized. 
At Step 82203 the image processing unit 108 is initialized to make it enabled. 
At Step S2204 the system controller 1 1 1 reads an ID numt)er of the SCSI controller. 

At Step S2205 the system controller 1 1 1 drives the focus motor 1 23 to nrK^ve the focus fixing member to the focus 
initial position, and at the same time checks the focus position detection unit 125. 
30 At Step S2206 the system controller 111 drives the sut)scanning nrxstor 1 1 5 to move the film to the sub scan initial 
position, and at the same time checks the sub scan position detection unit 1 1 7. 

At Step S2207. the system controller 111 allows the image processing unit 108 to output the drive signal 120. At 
Step S2208, black level correction Is executed. 

At Step 82209 the system controller 1 1 1 issues a light turn-on command to the light tum-on circuit 118. 
35 At Step S2210 shading data ^ input 

At Step S221 1 the system controller 1 1 1 issues a light turn-off command to the tight tum-on circuit 118. 
At Step S2212 shading correction data is set to the offset RAM 122. 
At Step S2213 the system controller 111 initializes the interface unit 110 (SCSI controller). 
At Step S2214 the system controller 111 permits the internee unit 110 to communicate with the external equip- 
40 ment. 

At Step S2215 the initializing process is terminated. 

Next the contents of each command will t>e descrit>ed. 

The operation contents of the preview at Step S2102 are illustrated in Rg. 23. 

At Step S2301 the system controller 1 1 1 monitors the state of the sub scan position detection unit 1 1 7 and controls 
45 the subscanning motor 1 1 5 to nnve the film to the initial position. 

At Step 82302 the system controller 111 issues the light turn-on command to the light turn-on circuit 1 1 8. 
At Step S2303 the system controller 1 1 1 allows the image processing unit 1 08 to generate drive pulses 1 20. 
' " ^^'"^'-At Step S2304 the subscanning motor 1 15 is controlled to position align the central'area of thef ilm to'acquireiight 
anx)unt data. Although the linear image sensor 104 is used as the light amount sensor, another sensor may be used 
50 for the measLo-ement of the light anrx>unt data 

At Step S2305. the gain is adjusted in accordance with the light amount data in Step S2304 in the analog image 
processing circuit 126. If the light amount is small, the gain is increased, whereas if it is large, the gain is lowered. 
At Step S2306 the subscanning nxitor 1 15 is driven to move the fflm to the fSm initial position. 
At Step S2307 a sub scan speed is set for the preview operation. 
55 At Step S2308 a resolution is set for the preview operation, and drive pulses 120 are output in accordance with an 
output from the resolution conversion/hnagnification conversion circuit 205. 

At Step S2309 a signal processing area for the preview operation is set to the image processing unit 1 08 to start a 
scanning operatbn. 
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At Step S2310 the drive pulses 120 output at Step S2308 are stopped, . . . . . 

At Step S231 1 the system controller 111 issues the light turn-off command to the light turn-on circuit 118. 
At Step S2312 the film position changed during the scanning operation at Step S2309 Is mcved back to the initial 
position. 

5 At Step S231 3 the preview operation is terminated. 

The operation contents of the focus adjustment at Step S21 04 are illustrated in Fig. 24. 
At Step S2401 it is checked whiether the command contains a designation of an auto focus (AF). If there is an auto 
focus designation, the flow advances to Step S2402. whereas if not, the flow advances to Step S2413. 
At Step S2402 the suk>scanning motor 1 15 is driven until the film moves to the focus operation position. 
10 At Step S2403 the system controller 1 1 1 issues the light source turn-on command to the light source turn-on circuit 
118. 

At Step S2404 in order to read the film at the optk^al resolution, the system controller 1 1 1 1ssues a command to the 
resolution conve^sk)n^f1agnificatk>n conversion circuit 205 and makes the drive signals 120 k>e generated. 

At Step S2405 the focus motor 1 23 is driven to move the focus f bang member 1 05 to the initial position. 
75 At Step S2406 one-line image signal Is received and temporarily stored in the offset RAM 1 22. 

At Step.S2407.a.sharpness.de^ee Is.calculated to be used as a focus evaluation anrKXjnL.Ihis.sharpness degrBe;^,»>^ 

together with the focus position are stored. The sharpness degree is calculated as a sum of squares of output differ- 
ences between adjacent pixels, whrch is well known In the art. 

At Step S2408 the focus position Is moved by one step. 
20 At Step S2409 If all data In the focus area is received, the fbw advances to Step S2410, whereas if not. the flow 
returns to Step S2406. 

At Step S2410 It is deckied that the focus position indicating the highest sharpness degree among the focus eval- 
uation anrxHjnts Is an in-focus position. 

At Step S241 1 the focus motor 1 23 is controlled to move the focus fixing memt)er 1 05 to the reference position. 
26 At Step S241 2 the focus motor 1 23 is controlled to move the focus fixing memt)er 1 05 to the in-focus position. 

At Step S2413 the focus motor 123 is corrtrolled to nKive the focus fixing memt)er 105 to the reference position. 

At Step S2414 the focus motor 123 is controlled to nwve the focus fixing member 105 to the initial setting position. 

At Step S2415 the subscanning motor 1 15 is driven to move the fflm to the sub scan initial position. Thereafter, the 
focus adjustment process is terminated. 
30 The operation contents by the main or substantial scan at Step S21 06 are illustrated In Rg. 25. 

At Step S2501 it is checked whether the received main scan contains an AE designatk>n command. If contains, the 
f k]w advances to Step S2502. whereas If not, the flow advances to Step S2507. 

At Step S2502 the system controller 1 1 1 controls the subscanning nrxitor 1 15 to move the film to the sub scan initial 
position. 

35 At Step S2503 the system controller 1 1 1 1ssues the light source turn-on command to the light source tum^n circuit 
118. 

At Step S2504 the system controller 1 1 1 supplies setting for a drive pudse for light anxxjnt measurement to the res- 
olution conversbn/magniflcation conversk>n drcuit 205 to altew the generation of the drive signal 120. 

At Step S2505 a pre-scan is executed and a film density value is estimated from the measured light anx>unt to cal- 
40 culate the gain value. 

At Step 82506 the drive signal 120 Is stopped. 
At Step S2507 the gain value Is set. 

At Step S2508 the system corrtroiler 111 controls the sut>scanning motor 1 15 to move the film to the sub scan initial 
position. 

46 At Step S2509 a speed of the sut}scanning motor 1 1 5 is set in accordance with a resolution set In the main or sub- 
sidiary scan command. 

At Step S2510 setting for an operation pulse for main scan direction is sif)plied to the resolution conversion/mag- 
nification €oriversibhclrcuit^205 in accordance with the resolution set in the main or sut>stantlal'scan'cbnrmi^ 

thereby alkiw the generation of the drive signal 120. 
50 At Step S251 1 a scan amount in the sub scan direction and an image processing area in tiie main scan direction 
are determined in acoordarK;e with the scan area set in the main or sut)stantial scan command, to thereafter execute 
the main or sut>stantial scan. Since the initial position setting Is changed, a user t)ecomes free of cumbersome trimming 
works. At the same time, since the signal processing area Is changed, it t>ecomes possible to shorten the signal 
processing tima 

55 At Step S2512 the drive signal 120 generated at Step S2510 is stopped. 

At Step S251 3 the system controller 1 1 1 1ssues the light source turn-off command to the light source turn-on circuit 

118. 

At Step 8251 4 the sub scan position detection unit 1 1 7 Is monitored to drive the sut)scanning motor 1 1 5 and move 
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the film to the film inrlial position . 

At Step S2515 this main or suk>stantial scan is terminated. 

The operation contents off the ejection at Step S2108 are illustrated in Rg. 26. 

At Step 82601 the system controller 111 monitors the sub scan position detection unit 11 7 to drive the subscanning 
5 motor 1 1 5 and nrwve the f Dm to the sub scan initial position. 

At Step 82602 the film is moved outward from the reference position by several pulses to place it at an ejection 
posHion. 

At Step 82603 the subscanning motor 1 15 is stopped when the ejection position is obtained, and the ejection is 
terminated. 

10 The operation contents of the film type setting at Step S21 1 0 are illustrated in Rg. 27. 

At Step S2701 a film type, a negative film or positive f Om, is set For the negative fDm. a group indicating a negative 
film base density, a 35 mm film, an APS film and the like are set For each of these settings, the amplifier gain is set to 
a predetermined value. 

At Step S2702 an exposure time Is switched between negative arxi positive films, or an exposure time may be 
75 switched even for negative films having high density. 

At Step S2703 a.gamma correctiorUable.suitable for the fDm type set at Step S2701 is set to the offset RAM.t22 

At Step S2704 a masking coefficient suitable for the film type set at Step S2701 Is set. 

At Step S2705 if the fDm type is the 35 mm film, a standard image read area is set, whereas If it is the APS film, an 
image read area corresponding to the photographing mode of the APS film is set. 

20 At step S2706 the film type setting is terminated. 

TTie photographing mode of an APS film will be descra3ed. When a user takes a scene with a camera loaded with 
an APS fDm. one of three print sizes (or print types) of H, P and C is selected. This is called photographing nxxie setting. 
A reference print size is the H type (an aspect ratio of a height to a width is 9 : 16, also called a high vision size). The 
image area of the H type whose upper and lower portions are cut is the P type (an aspect of 1 : 3, also called a pano- 

25 rama size). The image area of the H type whose right and left portions are cut is the C type (an aspect ratio of 2 : 3, 
also called a Leica size). An image size set on the film surface is 16.7 mm (main scan direction) x 30.2 mm (sub scan 
direction) corresponding to the H print size. In accofdance with the magnetic information (frame information) on the 
photographing nrxxie recorded on the fDm, an image area of 9.5 mm x 30.2 mm is trimmed from the film image area of 
16.7 mm x 30.2 mm to form a P type Image, and an image area of 16.7 mm x 23.4 mm Is trimmed to form a C type 

30 image. The aspect ratio is not limited only to the above ratfos, but a user may set as desired an image position and an 
aspect ratio and record them on the film. 

In the present embodiment, the magnetic information of the fDm Is detected by the magnetic information detection 
unit (frame information detection unit) and the photographing rrxxJe of each frame of the film is discriminated in the sys- 
tem controller 1 1 1 to set an image read area of each frame of the film accordng to the photog-aphing mode (one of H, 

35 P and C). 

Specifically, the nregnetic information Is detected by magnetic Information detection unit 1 19 by making use of 
movement of the film, caused during prescanning (however, any time will do as long as the fDm is moved in the sub- 
scanning direction before scanning). Sut>sequently, setting of a frame, performed after the detection of the magnetic 
informatfon, will be explained by referring to Rg. 30. Reference numeral 3001 represents an image area of an APS film. 
40 When a linear image sensor is arranged in the longitudinal direction of the fDm. an output of the linear image sensor will 
be an Image signal output such as an output 3002 shown in Rg. 30. In this case, when a photographing mode is dis- 
criminated as H and C according to the output of the magnetic Information detection unit 1 19, a main scanning frame 
signal 3003 is selected, and when the photographing mode is P, then a main scanning frame signal 3004 is selected. 
By using the selected vnsdn scanning frame signal, only image signal of a "H" state is extracted, arxJ then an image 
45 processing of one line is performed. This is easily attained by using the main scanning frame signal as a write enatsle 
signal of a teirporary data storing RAM. Next when the photographing mode is H or P type, a subscanning frame signal 
3005 is selected, and when is C type, a sut)scanning frame si^ial 3006 is selected. When the selected subscanning 
frame signal is~'^MVa sut>scahning nriotor is driven at predetermined scan speed, and when is^L^' tfie'^lsubsc^hning— 
motor is driven at the possible maximum speed to move the film holder. This driving of the sut>scanning motor is pro- 
se gramed in advarx^e. It may t>e possible to store the main scanning frame signal and the suk>scanning frame signal into 
a ROM of the CPU in advance. However, it may be also possible to read these signals from external equipments. In 
addition, the present invention apparently includes frame control with a desired range, which can be attained t>y linking 
trimming information from the external equipments with the main and subscanning frame signals. 

In this embodiment, the image read area is set for each frame of the film. Since the speed of moving the fDm in the 
55 sub scan direction is set faster in the area outside the image read area than the image read area, the image read time 
can be shortened if the film contains frames photographed by the C type rrxxie. Specifically, the C type has a read area 
shorter by 6.8 mm in the sub scan direction than the H type. Therefore, the image read time for the C type is shorter 
than the H type, H the fDm contains C type frames, an image read time can be shortened if the type of each frame is 
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judged and then read, as conrpared to the case wherein all frannes are read by assuming that they are the H type. 

As described earlier, the iniage read area is set for each frame of a film and image signals are processed only in 
this image read area in the main scan direction. Accordingly, if the film contains frames of the P type photographing 
mode, the process time can be shortened as compared to the case wherein image signals are processed by assuming 
5 that they are all of the H type. 

If all frames are read as the H type, it is necessary to trim each frame in accordance with the photographing mode. 
In this emtxxiiment, however, since the image read area is set for each frame in accordance with the photographing 
mode, the trimming works are not necessary. 

The image on an APS film is shorter in the main scan direction than an image on a 35 mm film. Accordingly, signal 
10 processing in the image read area of the H type requires a shorter time than the 35 mm f am. 

As described so far. in the above embodment it is possible for the APS film to read an image in such a manner 
matching the photographing mode, to shorten the image read time, and to omit the trimming works. 

As appreciated from the foregoing description of the invention, an image can be read in such a manner matching 
the photographing mode and trimming works can be omitted. In the abcve embodiment, although an APS film is used, 
IS the invention is applicable to other types of films so long as they can record frame information, trimming information, or 
framing information on each frame. ^^...^ 

According to the invention, an image read time can be shortened or a signal processing time can be shortened. 

Many widely different embodiments of the present invention may be constructed without departing from the spirit 
and scope of the present invention. It should be understood that the present invention is not limited to the specific 
20 embodiments descn'bed in the specification, except as defined in the appended claims. 

A film scanner capable of reading an image formed on a film in accordarKe with a photographing nxxfe recorded 
in each frame of the f flm. In this film scanner, an image formed in each frame of a film held by a film holder is projected 
onto a linear image sensor by a focusing optical system to read the image witti the linear image sensor. A magnetic 
information detection unit detects magnetic information recorded in each frame of the film, and a system controller iden- 
25 tif ies a photographing nxxJe of each frame of the film. In accordance with the Identified photographing mode, an image 
read area of each frame is set and a subscanning motor is driven in accordarK^e with this image read area. The sub- 
scanning motor is driven in ttie area outside of the image read area at faster speed ttian the image read area. Therefore, 
a read time can be shortened as compared to the case wherein all frames are read in the broadest image read area. 
Trimming works can be omitted. 

30 

Ctaims 

1 . A film scanner for projecting an image to be read onto a linear image sensor, performing electronic main scanning 
along the longitudinal direction of tiie linear image sensor and electronic sub scan along a direction perpencficular 

35 to the fongitudinal direction to read the film image through a relative nxition between the film image and the linear 
image sensor and processing the film image, comprising: 

frame information detectfon means for detecting frame information recorded on the film; and 
control means for controlling to change an image read area of the f Dm in accordance with an output of said 
40 frame information detection means. 

2. A film scanner according to daim 1 , wherein the frame i nformation is information magnetically recaded on the film. 

3. A film scanner according to daim 1 . wherein said control means performs the relative motion in an area outside of 
45 the Image read area at faster speed than tiie image read area. 

4. A film scanner accorcfing to claim 1 , wherein said control means controls to process image signals only in the image 
read area. ■ -:^i;,.fi:.t>A; -.-^.w....,, — 

50 5. An image reading apparatus comprising: 

(a) image reading means for reading an image formed on a film; 

(b) detection means for detecting trimming information recorded on the film; and 

(c) limiting means for limiting an image read area to be read by ssad image reading means in accordance witii 
55 an output from said detection means. 

6. An image reading apparatus according to claim 5. wherein said image reacting means includes a linear image sen- 
sor. 
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